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VWUHQJWKRUKLJKYDOXHFRQFUHWH7KHUHDVRQZK\VXFKFRPSOHWHO\GLIIHUHQWVWUHQJWKFODVVHVRIFRQFUHWHZHUHXVHGLQ
WKH WHVW LV DOVR DQ DWWHPSW WR FRYHU WKH LQIOXHQFHV RI FRQFUHWH VWUHQJWKZLWK WKH VWUHQJWK RIPHWKRGV RI ILQLVKLQJ
VXOSKXUSODVWHU FHPHQWQHRSUHQHKDUGERDUG&\OLQGHUVPPVHUYHGDV WHVWSLHFHV IRUGHWHUPLQDWLRQRI
PRGXOXVRIHODVWLFLW\DQGVXEVHTXHQWF\OLQGULFDOFRPSUHVVLRQVWUHQJWK/RRVHVXUIDFHRISLHFHVZDVOHYHOOHGRIIZLWK
WKHVPRRWKHU7HVWSLHFHVZHUHVHWIRUGD\LQIRUPVLQWKHVRFDOOHGVWDQGDUGODERUDWRU\HQYLURQPHQWWHPSHUDWXUH
&KXPLGLW\SLHFHVZHUHVHWLQZDWHUIRUIRUPLQJIRUGD\VWKHQUHPRYHGIURPWKHZDWHUDQGNHSW
LQ D VWDQGDUG ODERUDWRU\ HQYLURQPHQW XQWLO WKH WHVW SHUIRUPDQFH $JDLQ LQ RUGHU WR UHGXFH FRQWLQXRXV K\GUDWLRQ
LQIOXHQFHVRQWKHUHVXOWRIPHDVXULQJGXULQJWHVWLQJRIDYDVWVHULHVRISLHFHVWKHKLJKHUDJHRIWHVWRIVDPSOHVZDV
VHOHFWHGIRU&±;$GGD\VDQGIRU&;)GD\V
 
)ROORZLQJILQLVKLQJPHWKRGVRISUHVVXUHDUHDVZHUHXVHGLQH[SHULPHQWDOPHDVXULQJ
x 6XOSKXUPRUWDU
x &HPHQW&(0,5
x 5DSLGKDUGHQLQJSODVWHU
x 1HRSUHQHZDVKHUV
x +DUGERDUGZDVKHUV
x 6DZFXWWLQJ
x 0DQXDOO\VPRRWKHGVXUIDFH

)RXUF\OLQGHUV IURP WKHJLYHQVHULHVZHUHDOZD\V WUHDWHGE\ WKHDERYH ILQLVKLQJPHWKRG)LQLVKLQJE\ VXOSKXU
PRUWDU FHPHQW PRUWDU DQG SODVWHU ZDV GRQH  GD\V EHIRUH WKH WHVW DQG ERWK HQGV RI F\OLQGHUV ZHUH ILQLVKHG
1HRSUHQHDQGKDUGERDUGZDVKHUVDUHLQVHUWHGLQEUDFNHWVZKLFKDUHLQVWDOOHGRQERWKF\OLQGHUHQGVLHRQHHQGRI
WKH F\OLQGHU LV VPRRWKHG DQG WKH VHFRQG RQH LV D VPRRWK SULQW RI WKH IRUP ERWWRP 2QO\ VPRRWKHG IDFH RI WKH
F\OLQGHUZDVVDZFXW WKHFXWZDVGRQHE\DGLDPRQGZKHHOZLWKZDWHUFRROLQJGD\VEHIRUHWKHWHVW WKHVHFRQG
HQG RI WKH F\OLQGHU LV D VPRRWK SULQW RI WKH IRUP ERWWRP 6DPSOHV ZLWK RQH DUHD PDQXDOO\ VPRRWKHG IURP WKH
SURGXFWLRQDQGVHFRQGDUHDIRUPHGE\WKHVPRRWKSULQWRIWKHIRUPERWWRPZHUHLQVHUWHGLQWKHWHVWPDFKLQHZLWKRXW
IXUWKHUILQLVK'HWDLOVRIWKHH[SHULPHQWDUHLQWURGXFHGLQ>@
7DEOH&±;$G±YROXPHZHLJKWVWUHQJWKPRGXOXVRIHODVWLFLW\
)LQLVKLQJRISUHVVXUHVXUIDFHRIF\OLQGHUV 9ROXPHZHLJKW>NJP@
&RPSUHVVLRQ
VWUHQJWK>03D@
0RGXOXVRI
HODVWLFLW\>*3D@ 5HDOORDGOHYHO>@
6XOSKXUPRUWDU    
&HPHQW    
3ODVWHU    
1HRSUHQH    
+DUGERDUG    
&XW    
6PRRWKHU    
$YHUDJHYDOXH    
6WDQGDUGGHYLDWLRQ    
9DULDWLRQFRHIILFLHQW>@    

&\OLQGHUV WKH SUHVVXUH DUHD RI ZKLFK ZDV SURYLGHG ZLWK KDUGERDUG RU QHRSUHQH KDYH WKH KLJKHVW YDOXH RI
PRGXOXVRIHODVWLFLW\RU*3DWKHORZHVWYDOXHRIPRGXOXVRIHODVWLFLW\KDVWKHVPRRWKDUHD±*3D
+DUGERDUG SURYLGHG DQG VPRRWKHG DUHDV KDYH WKH ORZHVW FRPSUHVVLRQ VWUHQJWK  UHVS  03D QHRSUHQH
WRJHWKHUZLWKSODVWHUFHPHQWDQGFXWWUHDWHGDUHDVKDYHWKHFRPSUHVVLRQVWUHQJWKDWWKHOHYHO±03D7KH
KLJKHVWFRPSUHVVLRQVWUHQJWKRIWKHF\OLQGHUZDVPHDVXUHGLQFDVHRIILQLVKLQJE\VXOSKXUPRUWDU03DZLWK
UDWKHUVOLJKWO\XQGHUWKHDYHUDJHYDOXHRIPRGXOXVRIHODVWLFLW\*3D
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7DEOH0RGXOXVRIHODVWLFLW\RIWKHF\OLQGHU[EHDPDWWKHDJHRIGD\V
)LQLVKLQJRISUHVVXUHVXUIDFHRIF\OLQGHUV 9ROXPHZHLJKW>NJP@
&RPSUHVVLRQ
VWUHQJWK>03D@
0RGXOXVRI
HODVWLFLW\>*3D@ 5HDOORDGOHYHO>@
6XOSKXUPRUWDU    
&HPHQW    
3ODVWHU    
1HRSUHQH    
+DUGERDUG    
$YHUDJHYDOXH    
6WDQGDUGGHYLDWLRQ    
9DULDWLRQFRHIILFLHQW>@    

)LQLVKLQJE\VDZFXWWLQJDQGVPRRWKLQJRIWKHF\OLQGHULQIUHVKFRQGLWLRQZDVQRWXVHGIRUWHVWLQJRIWKLVFRQFUHWH
VHWFRPSDUHGWRSUHYLRXVFRQFUHWH&±;$G&;)7KHKLJKHVWPRGXOXVRIHODVWLFLW\*3D
DQG DOVR WKH KLJKHVW FRPSUHVVLRQ VWUHQJWK  03D ZDV UHDFKHG E\ ILQLVKLQJ ZLWK QHRSUHQH ZDVKHUV 2WKHU
PHWKRGV RI ILQLVKLQJ H[FHSW WKH SODVWHU KDYH HTXDO PRGXOXV RI HODVWLFLW\ YDOXH  *3D DQG ORZHU RQO\ E\
*3DFRPSDUHGWRQHRSUHQHZDVKHUV*3D7KHSODVWHUKDGWKHORZHVWYDOXHRIWKHPRGXOXVRIHODVWLFLW\
*3DDOWKRXJKLWVFRPSUHVVLRQVWUHQJWKUHDFKHGWKHVHFRQGKLJKHVWYDOXH03D
 6XOSKXUPRUWDUFHPHQWKDUGERDUGDQGQHRSUHQHZLWKWKHVDPHYDOXHRIPRGXOXVRIHODVWLFLW\*3D
UHVS*3DUHDFKHGUHPDUNDEO\GLIIHUHQWYDOXHVRIWKHVWUHQJWKFRPSUHVVLRQ7KHKDUGERDUGZLWK03DDQG
QHRSUHQHZDVKHUVZLWK03DUHSUHVHQWWKHORZHUDQGXSSHUOHYHORIHVWDEOLVKHGYDOXHV'LIIHUHQFHVLQVWUHQJWKV
RILQWHUPHGLDWHYDOXHVVXOSKXUPRUWDU03DDQGFHPHQW03DDUHQRWYHU\ELJ

%HQHILWVDQGGLVDGYDQWDJHVRIXVHGPHWKRGVRIILQLVKLQJFRQVLGHUHGIURPYDULRXVDVSHFWV
)URPWKHDVSHFWRIWLPHQHFHVVDU\IRUSUHSDUDWLRQRIILQLVKLQJRIWKHWHVWSLHFHUHJDUGOHVVWKHXQWUHDWHGSLHFHWKH
EHVWPHWKRGLVXVHRIQHRSUHQHRUKDUGERDUGZDVKHUV3UHSDUDWLRQWLPHLVLQWKHRUGHURIVHFRQGV7KHWHVWSLHFHLV
UHPRYHGIURPWKHZDWHUZLSHGZLWKDGU\FORWKVHWEHWZHHQQHRSUHQHZDVKHUVDQGSODFHG LQWR WKH WHVWPDFKLQH
7KHEHQHILW LV UDSLGLW\DQGHDV\SUHSDUDWLRQRI WKH VDPSOH VOLJKWGLVDGYDQWDJH LVZHDU DQG WHDURIZDVKHUV DIWHU
WHQWKVRIWHVWVDQGWKHLUSULFHDSUR[(XUDVZHOODVWKHIDFWWKDWWKLVPHWKRGLVQRWDSSURYHGE\WKHVWDQGDUG
7KHLVVXHLVKRZWRUHDFKIODWQHVVDQGFROOLQHDULW\RISUHVVXUHDUHDV
 $OLWWOHPRUHWLPHVD\PLQXWHVLVQHFHVVDU\IRUFXWWLQJRUJULQGLQJRIWKHVPRRWKVXUIDFHRIF\OLQGHUV7HVW
SLHFH DIWHU UHPRYDO IURPZDWHU DQG FXWWLQJ RU JULQGLQJ FDQ EH RQO\ZLSHGZLWK WKH FORWK DQG SODFHG LQ WKH WHVW
PDFKLQH*UHDWEHQHILWLVWKDWWKHSLHFHLVORDGHGGLUHFWO\DQGQRWWKURXJKOHYHOOLQJVXUIDFHRIDQRWKHUPDWHULDOWLPH
RIVDPSOHSUHSDUDWLRQLVVKRUWDQGWKLVPHWKRGRI ILQLVKLQJLVDSSURYHGE\VWDQGDUG'LVDGYDQWDJHLV WKHSXUFKDVH
SULFHRITXDOLW\ VDZRUJULQGHU PLQ(XUDQGFXWWLQJRUJULQGLQJZKHHOV4XDOLW\ VDZVRUJULQGHUV VHFXUH
UHTXLUHGIODWQHVVDQGFROOLQHDULW\RISUHVVXUHDUHDV
 0RUH WLPH LV QHFHVVDU\ WR ILQLVK WKH SLHFH ZLWK VXOSKXU 7KH DFWXDO VXOSKXU ILQLVKLQJ LV UDWKHU TXLFN
PLQXWHVKRZHYHUWKHVXUIDFHRISUHVVXUHDUHDVPXVWEHGU\,WPHDQVWKDWWKHSLHFHDIWHUUHPRYDOIURPWKHZDWHU
PXVWXVXDOO\GU\IRUPLQXWHVGHSHQGLQJRQWHPSHUDWXUHDQGKXPLGLW\RIDLUDQGRQO\DIWHULW LVILQLVKHGZLWK
PHOWHGVXOSKXUPRUWDU7RWDOWLPHRIF\OLQGHUSUHSDUDWLRQLVDERXWPLQXWHV6XOSKXUILQLVKLQJLVTXLWHTXLFNDQG
FRVWHIIHFWLYHDSUR[(XUSHUNJEDJDQGWKLVILQLVKLQJPHWKRGLVDOVRDSSURYHG'LIILFXOWSDUWFDQEHWKH
KHDOWKDVSHFWDVKHDWLQJRIVXOSKXUFDXVHVHPLVVLRQRIVXOSKXUH[KDODWLRQV7KDWLVZK\LWLVQHFHVVDU\WRKDYHZHOO
YHQWLODWHGKRRGDQGXVHVXLWDEOHUHVSLUDWRU5HJDUGLQJRIIODWQHVVRISUHVVXUHVXUIDFHVLWPDLQO\FDXVHVQRSUREOHP
PRUHGLIILFXOWLVWKHFROOLQHDULW\KRZHYHUYHU\JRRGUHVXOWVFDQEHUHDFKHGZLWKVXLWDEOHILQLVKLQJSUHSDUDWLRQDQG
H[SHULHQFHGVWDII
 /RQJHVWWLPHIRUVDPSOHSUHSDUDWLRQLVQHFHVVDU\LQFDVHRIILQLVKLQJE\FHPHQWHYHQZLWKWKHDOXPLQRXV
FHPHQWRUSODVWHU&\OLQGHUUHPRYHGIURPWKHZDWHUFDQEHRQO\ZLSHGRQWKHVXUIDFHDQGVHWLQWKHSUHSDUHGFHPHQW
RUSODVWHU6HWWLQJFDQWDNHIHZPLQXWHVEXWDOVRKRXUV,QFDVHWKDWERWKSUHVVXUHDUHDVRIWKHF\OLQGHUDUHILQLVKHG
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E\WKLVPHWKRGWKHWLPHGRXEOHV7KHWRWDOSUHSDUDWLRQWLPHFDQWKDQWDNHKRXUVIRUDSLHFHSUHSDUDWLRQ7KLV
PHWKRGRI VDPSOHV ILQLVKLQJ KDV IROORZLQJGLIILFXOWLHV ORQJHVW SUHSDUDWLRQ WLPH QHFHVVLW\RIPDWXULQJRIPRUWDU
KRXUVWRGD\VWKHSLHFHLVGXULQJWKHZKROHSUHSDUDWLRQWLPHH[SRVHGWRWKHDLUDQGWKHUHIRUHGULHVXSDQGQHHGRI
KLJKHU ODERXU FRQVXPSWLRQ%HQHILW LV UHODWLYHO\ ORZFRVW RI FHPHQW DQG ORZGHPDQGVRQ HTXLSPHQW SOXVXVHRI
DOXPLQRXVFHPHQWLVWKHDSSURYHGPHWKRG7KLVILQLVKLQJPHWKRGFDQLQPDMRULW\RIFDVHVVHFXUHUHTXLUHGIODWQHVVRI
SUHVVXUHDUHDVDQGWKHLUFROOLQHDULW\>@
,QIOXHQFHRIWKHPHWKRGRIILQLVKLQJRISUHVVXUHDUHDVRIWKHF\OLQGHU
7KHVWDQGDUGý61,62VWLSXODWHVWRWHVWLGHQWLFDOSLHFHVRIWKHVDPHDJHVL]HDQGVHWWLQJDVZLOOEHXVHG
IRUWKHWHVWSULRUWRWKHDFWXDOVWDWLFPRGXOXVFRPSUHVVLRQWHVW2QHWKLUGLHIFLVFRQVLGHUHGDVDQXSSHUORDG
OHYHOIURPWKHHVWDEOLVKHGFRPSUHVVLRQVWUHQJWKIFF\OLQGHUVSULVPV+RZHYHULWLVUDWKHUFRPPRQLQFRQVWUXFWLRQ
SUDFWLFH WKDW WKHUH DUH QRW HQRXJK VDPSOHV DQG WKH XSSHU ORDG OHYHO LV GHILQHG E\ DSSUR[LPDWH FDOFXODWLRQ IRU
H[DPSOH IURP WKH FRPSUHVVLYH FXEH VWUHQJWK RU E\ HVWLPDWH IURP WKH VWUHQJWK FODVV RI WKH VXSSOLHG FRQFUHWH
5HVXOWLQJDFFXUDF\LVLQVXFKDFDVHGLUHFWO\GHSHQGLQJRQDELOLW\RIWKHWHVWLQJSHUVRQWRÄKLW³WKHORDGOHYHODVFORVH
DVSRVVLEOH
7KHWHVWSLHFHLVFLUFXODWLQJEHWZHHQORZVWUHVV03DDQGXSSHUVWUHVVIFE\SUHVFULEHGPHWKRGDQGDW
WKH VDPH WLPH UHODWLYHGHIRUPDWLRQV İ DUH UHFRUGHG:KHQ WKHPHDVXULQJRIPRGXOXVRI HODVWLFLW\ LV ILQLVKHG WKH
ORDG RI WHVW SLHFH LV LQFUHDVHG E\ SUHVFULEHG VSHHG XQWLO WKH IUDFWXUH RFFXUV 7KH VWDQGDUG VWLSXODWHV WKDW WKH WHVW
UHSRUWPXVWLQWURGXFHFLUFXPVWDQFHVZKHQWKHVWUHQJWKRI WHVWSLHFHLVGLIIHUHQW IURPWKHDVVXPHGRQHIFE\DERXW
PRUHWKDQ
7R PDNH WKH SLFWXUH FRPSOHWH ZH ZRXOG OLNH WR PHQWLRQ QRQFRQIRUPLW\ EHWZHHQ ý61 ,62  XVHG LQ
(XURSH DQG$PHULFDQ VWDQGDUG$670&  ý61 ,62  GHILQHV WKH XSSHU ORDG VWUHVV RQ WKH OHYHO RI
 IF ZKLOH $670 &  RQ WKH OHYHO  IF 7KLV GLIIHUHQFH LQ WKH XSSHU VWUHVV GHILQLWLRQ FDQ SURYLGH
GLIIHUHQWYDOXHVRIWKHFRPSUHVVLRQPRGXOXVLQFRPSDUDWLYHWHVWV>@
,QWRWDOEHDPVZLWKGLPHQVLRQVPPZHUHSURGXFHGIURPWKHFRQFUHWH&;)IRUWHVWVRI
FRPSUHVVLRQ PRGXOXV DQG SULVPDWLF FRPSUHVVLRQ VWUHQJWK 7HVW SLHFHV ZHUH VHW IRU  GD\ LQ IRUPV LQ VWDQGDUG
ODERUDWRU\HQYLURQPHQWDIWHUIRUPLQJWKH\ZHUHVHWLQWKHZDWHUIRUDERXWGD\V$JDLQWKLVPHWKRGZDVXVHG
LQRUGHU WR UHGXFH LQIOXHQFH RI FRQWLQXRXVK\GUDWLRQRQ WKH UHVXOW RIPHDVXULQJ LQ WKH WHVW RI H[WHQVLYH VHULHV RI
SLHFHV
%HDPVIRUFRPSUHVVLRQPRGXOXVWHVWDQGVXEVHTXHQWFRPSUHVVLRQVWUHQJWKSULVPDWLFWHVWZHUHGLYLGHGLQWKUHH
JURXSVVDPSOHVLQHDFKJURXS7KUHHEHDPVZHUHXVHGIRUFRPSUHVVLRQVWUHQJWKIFLQVXFKDZD\WRFDOFXODWHWKH
XSSHUORDGVWUHVVHTXDOWRIFLQUHVSHFWRIWKHVWDQGDUGý61,62DQGRWKHUWKUHHEHDPVZHUHWHVWHGE\VXFK
DVWUHVV)XUWKHUORDGOHYHOVZHUHFDOFXODWHGVWDWHGDVDQGPXOWLSOHRIWKHYDOXHIF
7KUHHEHDPVZHUHDOZD\VWHVWHGIRUHDFKJLYHQORDGOHYHO'HWDLOVRIWKHH[SHULPHQWDUHLQWURGXFHGLQWKH>@
7DEOH5HVXOWVRIH[SHULPHQWDOPHDVXULQJLQIOXHQFHRIXSSHUORDGOHYHO
3ODQQHGORDGOHYHO>@ 5HDOORDGOHYHO>@ 0RGXOXVRIHODVWLFLW\>*3D@
3ULVPDWLFFRPSUHVVLRQ
VWUHQJWK>03D@
   
   
   
   
   
   
   
   
   
$YHUDJHYDOXH  
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)LJ,QIOXHQFHRIXSSHUORDGOHYHORQPRGXOXVRIHODVWLFLW\

$VLWLVHYLGHQWLQ7DEWKHDYHUDJHSULVPDWLFFRPSUHVVLRQVWUHQJWKLV03DZLWKYHU\ORZFRHIILFLHQWRI
YDULDWLRQ   )URP WKH DVSHFW RI HODVWLFLW\ PRGXOXV ZKLFK ZDV WKH SULPDULO\ PRQLWRUHG YDOXH ZH FDQ VHH
UHPDUNDEOHGHSHQGHQFHRQWKHYDOXHRIXSSHUORDGOHYHO:HFDQVWDWHWKDWZLWKLQFUHDVLQJORDGOHYHOWKHPRGXOXVLV
GHFUHDVLQJ*UDSK LQ)LJ LVEDVLFDOO\DFRQILUPDWLRQRI WKH%DFK6FKOOH ODZ LQ WKH IRUPVQ (RHZKHUH WKH
FRHIILFLHQWQLQWKHSRZHURIVWUHVVLVWKHQXPEHUFORVHWRRQHEXWIRUFRQFUHWHLWLVDOZD\VELJJHUWKDQ,QSUDFWLFH
ORDGRIFRQFUHWHXSWRWRRILWVVWUHQJWKLVFRQVLGHUHGDVQ DQG%DFK6FKOOHODZWKDQWXUQVWRWKHIRUP
RI WKH+RRNH ODZ 7KH UHVXOW RI FRXUVH LV QRW VXUSULVLQJ ZHPXVW WDNH LQWR FRQVLGHUDWLRQ KRZ WKHPRGXOXV RI
HODVWLFLW\ZDVGHILQHG)RUHOHPHQWDU\VHFDQWPRGXOXVRIHODVWLFLW\RIWDQJHQWGLUHFWLRQOHGWRWKHFXUYHUXQQLQJLQ
WKH EHJLQQLQJ RU FORVH WR  RI ZRUNLQJ GLDJUDP IRU LQFUHDVLQJ YDOXHV WKH VWUHVV LV GHFUHDVLQJ WKHUHIRUH DOVR
HODVWLFLW\PRGXOXVLVGHFUHDVLQJ7KLVIDFWLVWKHUHDVRQZK\G\QDPLFPRGXOHVDUHKLJKHUWKDQVWDWLFPRGXOHV
7KH H[SHULPHQW DLPZDVQRW MXVW WR SURYH WKLV IDFW DV WKLV LQIRUPDWLRQZRXOGGLVDSSHDU IURP WKHPLQGRI ODLF
SXEOLFDQGH[SHUWVEXWWKHPDLQDLPZDVWRILQGGLIIHUHQFHEHWZHHQPRGXOHVRIHODVWLFLW\ZLWKLQOLPLWVFORVHWR
IFVHHWKHQRWHLQWKHVWDQGDUG³,QFDVHWKHVWUHQJWKRIWHVWSLHFHGLIIHUVIURPWKHDVVXPHGVWUHQJWKIFE\PRUHWKDQ
WKLVILQGLQJPXVWEHVWDWHGLQWKHWHVWSURWRFRO³
)RUSUHVHQWHGPHDVXULQJZH FDQ UHWURVSHFWLYHO\FDOFXODWH WKDW WKH UHSRUWGLGQRWKDYH WR VWDWH WKDWSLHFHVZHUH
WHVWHGDW WKHUHDOXSSHUORDGOHYHOLQWKHUDQJH±IF,QRXUFDVHWKHPRGXOXVRIHODVWLFLW\ IRUWKHVHOLPLWV
YDULHVEHWZHHQ±*3D7KHGLIIHUHQFH*3DZLWKLQSHUPLVVLEOHYDOXHVLVWKHUHIRUHPRUHLQWHUHVWLQJ:H
FDQUHPHPEHUVRPHSDVVLRQDWHGLVFXVVLRQVKHOGDWPDQ\FRQIHUHQFHVDERXWPRGXOXVRIHODVWLFLW\RIFRQFUHWHDQGLWV
ILQDOYDOXHIRUVSHFLILFFRQFUHWH
)LQDOO\ZHFDQVWDWHWKDWWKHYDOXHRIWKHXSSHUORDGOHYHOLQWKHWHVWRIVWDWLFPRGXOXVRIHODVWLFLW\KDVUHPDUNDEOH
LQIOXHQFH RQ WKH UHVXOW HYHQ LQ WKH FDVH ZKHQ YDULDWLRQV IURP WKH UHTXLUHG OHYHO  IF DUH UHODWLYHO\ VPDOO
DSSUR[LPDWHO\ XS WR  7KHUHIRUH LW LV DOZD\V QHFHVVDU\ WR VWDWH KRZ DQG XQGHU ZKDW FRQGLWLRQV ZDV WKH
PRGXOXVRIHODVWLFLW\GHWHUPLQHGDVOLPLWFRQGLWLRQVJLYHQE\WKHVWDQGDUGý61,62DUHUDWKHUZLGHDQGOHYHOV
PHDVXUHGLQLQGLYLGXDOODERUDWRULHVFDQVWURQJO\GLIIHU
&RQFOXVLRQ
$VIROORZVIURPSUHYLRXVDUWLFOHVGHDOLQJZLWKWHVWLQIOXHQFHVILQLVKLQJORDGRQGHWHUPLQDWLRQRIVWDWLFPRGXOXV
RIHODVWLFLW\XQGHUFRPSUHVVLRQLWLVHYLGHQWWKDWOLPLWFRQGLWLRQVRIWKHWHVWPD\DKDYHVXEVWDQWLDOLQIOXHQFHRQWKH
UHVXOWLQJYDOXHRIWKHPRGXOXVRIHODVWLFLW\RIWHVWHGFRQFUHWH
)URPWKHDVSHFWRIXVHGILQLVKLQJPHWKRGZHFDQVWDWHWKDWLWKDVUDWKHULQWHUHVWLQJLQIOXHQFHRQILQDOYDOXHRIWKH
PRGXOXVRIHODVWLFLW\DQGFRPSUHVVLRQ:HFDQVD\WKDWEDODQFHGUHVXOWVRIWKHPRGXOXVDQGVWUHQJWKZHUHUHDFKHG
E\ILQLVKLQJE\VXOSKXUFHPHQWSODVWHUDQGFXWWLQJ6XUSULVLQJUHVXOWVZHUHREWDLQHGIRUILQLVKLQJZLWKKDUGERDUGRU
QHRSUHQHZDVKHUVZKHQWKHPHDVXUHGPRGXOXVRIHODVWLFLW\ZDVDOPRVWLGHQWLFDOEXWWKHWKHFRPSUHVVLRQVWUHQJWK

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ZDV FRPSOHWHO\ GLIIHUHQW IRU KDUGERDUG WKHUH ZHUH ORZHVWPHDVXUHG YDOXHV DQG IRU QHRSUHQH KLJKHVW RU DYHUDJH
PHDVXUHGYDOXHV%DVHGRQSHUIRUPHGPHDVXULQJZHFDQVWDWHWKDWKLJKHVWYDOXHVRIWKHFRPSUHVVLRQVWUHQJWKDQG
PRGXOXVRIHODVWLFLW\FDQEHUHDFKHGZLWKXVHRIQHRSUHQHZDVKHUV2QWKHRWKHUKDQGFRPSOHWHO\LQVXIILFLHQWIURP
WKHDVSHFWRI LQIOXHQFHRQ WKH ILQDO YDOXH LV XVHRI KDUGERDUGZDVKHUVDQG ÄXQILQLVKHG³ VPRRWK VXUIDFH6DPSOHV
ZLWKVPRRWKHGVXUIDFHGKDYHDOVRWKHORZHVWYDOXHRIFRPSUHVVLRQPRGXOXV
'LIIHUHQFHVLQXVHRIVXOSKXUFHPHQWRUSODVWHURQWKHVWUHQJWKDQGPRGXOXVRIHODVWLFLW\DUHUHODWLYHO\VPDOODQG
WKHVHPHWKRGVRIILQLVKLQJRISUHVVXUHDUHDVJLYHZHFDQVD\DYHUDJHYDOXHV-XVWDVDUHPLQGHUWKHVWDQGDUGDOORZV
RQO\IROORZLQJPHWKRGVRIILQLVKLQJVXOSKXUPRUWDUDOXPLQRXVFHPHQWPRUWDUJULQGLQJRIVXUIDFHDQGVDQGEHG
7KH DPRXQW RI XSSHU ORDG OHYHO LQ WKH WHVW RI PRGXOXV RI HODVWLFLW\ XQGHU FRPSUHVVLRQ KDV DOVR UHPDUNDEOH
LQIOXHQFH RQ WKH UHVXOW HYHQ LQ WKH FDVH WKDW YDULDWLRQV IURP WKH UHTXLUHG  IF OHYHO DUH UHODWLYHO\ VPDOO
DSSUR[LPDWHO\ XS WR   0RGXOXV RI HODVWLFLW\ RI FRQFUHWH LQ WKH SHUIRUPHG H[SHULPHQW ZDV PHDVXUHG IRU
SHUPLVVLEOHOLPLWV±*3D

$V IROORZV IURP SHUIRUPHG H[SHULPHQWV WKH VWDQGDUG ý61 ,62  IRU GHWHUPLQDWLRQ RI WKH FRPSUHVVLRQ
PRGXOXVGHILQHVVRPH OLPLWFRQGLWLRQVRI WKH WHVWEXWQRWVXIILFLHQWO\HQRXJK7KHDFWXDO WHVWPXVWEHSHUIRUPHG
YHU\ FDUHIXOO\ DQG UHSRUWVPXVW FRQWDLQ LQIRUPDWLRQ DERXW FRQGLWLRQV XQGHU ZKLFK WKHPRGXOXV RI HODVWLFLW\ ZDV
GHWHUPLQHG
3UHVHQWHG UHVXOWV VKRXOGEH LQWHUHVWLQJ IRUERWK WHFKQRORJLVWV DQGGHVLJQHQJLQHHUVDV LWRIWHQKDSSHQV WKDW WKH
GHVLJQHQJLQHHUGXULQJSURMHFWLRQRIWKHVWUXFWXUHDFFRUGLQJWRý61(1XVHVIRUHVWLPDWHRIPRGXOXVRI
HODVWLFLW\WKHWDEOHIURPWKLVVWDQGDUGEXWGRHVQRWXVHWKHSRVVLELOLW\WRVSHFLI\WKHPRGXOXVRIHODVWLFLW\DFFRUGLQJ
WRý61(1DPHQGHGE\=LQ0D\7KHSUREOHPFDQRFFXULQWKHPRPHQWZKHQWKHFRQFUHWHPL[LQJ
SODQW VXSSOLHV FRQFUHWH LQ DFFRUGDQFH ZLWK VWDQGDUG ý61 (1  EXW VXFK VXSSOLHG FRQFUHWH KDV GLIIHUHQW
PRGXOXVRIHODVWLFLW\WKDQWKHFRQFUHWHFRQVLGHUHGE\WKHGHVLJQHQJLQHHUZKLFKPLJKWKDYHLQIOXHQFHRQVHQVLWLYH
VWUXFWXUHVIRUH[DPSOHE\ELJJHUGHIRUPDWLRQHWF7KLVSUREOHPLVFDXVHGE\WKHIDFWWKDWý61(1RUROGHU
VWDQGDUGVGRQRW FRQVLGHU YDULDELOLW\RI WKHPRGXOXVRI HODVWLFLW\ZLWKLQ FRQFUHWH VWUHQJWK FODVV $SDUW IURP WKLV
YHU\RIWHQGLVFXVVHGLVVXHVHH>@DQRWKHUSUREOHPRFFXUVDOVREDVHGRQRXUH[SHULPHQWVKRZWRGHWHUPLQHDWDOO
WKHPRGXOXVRIHODVWLFLW\ZLWKUHJDUGVWRUDWKHUZLGHOLPLWFRQGLWLRQVRIWKHWHVWDFFRUGLQJWRWKHVWDQGDUGý61,62
 VR WKHGHVLJQ HQJLQHHU FDQ FRQVLGHU WKHPRGXOXVRI HODVWLFLW\ YDOXHZKLFKZRXOGQRW EHGHSHQGLQJRQ WKH
PHWKRGRIWHVWLQJLQYDULRXVODERUDWRULHVEXWZLOOEHLQVWDQGDUGOLPLWVRIYDULDELOLW\JLYHQE\YDULDELOLW\RIFRQFUHWH
FRPSRVLWLRQ %DVHG RQ WKH ORQJWHUP PHDVXUHPHQWV  \HDUV RI FRQWLQXRXV PRQLWRULQJ RI SURGXFWLRQ 
IRUPXODWLRQVPRUH WKDQF\OLQGHUV WKHFRHIILFLHQWRIYDULDWLRQRIHODVWLFLW\PRGXOXVRIPRQLWRUHGFRQFUHWH LV
DERXWDQGFRHIILFLHQWRIYDULDWLRQRIFRPSUHVVLRQVWUHQJWKLV

$FNQRZOHGJHPHQWV
7KHUHVHDUFKZRUNSUHVHQWHGLQWKLVSDSHUKDVEHHQVXSSRUWHGE\WKHJUDQWSURMHFWRI*UDQW$JHQF\RIWKH&]HFK
5HSXEOLF*$ý536
5HIHUHQFHV
>@3 +XĖND 3 %RXãND..ROiĜ 6 ěHKiþHN9OLY ]SĤVREX ]DNRQFRYiQt WODþQêFK SORFK ]NXãHEQtKR WČOHVD QD KRGQRWX VWDWLFNpKRPRGXOX
SUXåQRVWLYWODNXSĜtVSČYHNQDNRQIHUHQFL=NRXãHQtDMDNRVWYHVWDYHEQLFWYt,6%1987%UQR%UQR,PSDFW
RIWKHPHWKRGRIILQLVKLQJRISUHVVXUHVXUIDFHRIWHVWSLHFHRQWKHYDOXHRIVWDWLFPRGXOXVRIHODVWLFLW\RIFRQFUHWHXQGHUFRPSUHVVLRQSDSHUV
WRWKHFRQIHUHQFH7HVWLQJDQGTXDOLW\LQFRQVWUXFWLRQ
>@ 3+XĖND..ROiĜ3%RXãND6ěHKiþHN-.ROtVNR35HLWHUPDQ09RNiþ9OLYKRUQt]DWČåRYFt~URYQČSĜL]NRXãFHVWDWLFNpKRPRGXOX
SUXåQRVWL Y WODNX SĜtVSČYHN QD NRQIHUHQFL %HWRQiĜVNp GQ\  ,6%1  ýHVNi EHWRQiĜVNi VSROHþQRVW ý66, +UDGHF
.UiORYp  ,PSDFW RI WKH XSSHU ORDG OHYHO LQ WKH WHVW RI VWDWLF PRGXOXV RI HODVWLFLW\ RI FRQFUHWH XQGHU FRPSUHVVLRQ SDSHUV WR WKH
FRQIHUHQFH&RQFUHWHGD\V
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>@ 35LHJHU$âWČUED=QRYXN~GDMQêPSUREOpPĤPVPRGXOHPSUXåQRVWLEHWRQXPRåQRVWVSHFLILNDFHGOH]PČQ\=ý61(1þDVRSLV
%HWRQ%DFNWRDOOHJHGWURXEOHVZLWKPRGXOXVRIHODVWLFLW\RIFRQFUHWHSRVVLELOLW\RIVSHFLILFDWLRQDFFRUGLQJWRFKDQJH=ý61(1

>@ 30LViN79\PD]DO0RGXOSUXåQRVWLYV3HYQRVWYWODNXþDVRSLV%HWRQ0RGXOXVRIHODVWLFLW\RIFRQFUHWHYVFRPSUHVVLRQVWUHQJWK
MRXUQDO%HWRQ
>@ - 9DãNRYi 0 âWHYXOD 9 9HVHOê 0RGXO SUXåQRVWL DXWRPDWLFN\" %HWRQ 7.6  S  0RGXOXV RI HODVWLFLW\ RI FRQFUHWH
DXWRPDWLFDOO\"
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